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Objective: To analyse the quality of ordering, collection and transport of specimens for microbiological analysis by a 
department of orthopedic surgery. 
Methods: The analysis consisted of a prospective formal evaluation performed by two consultant microbiologists. 
Results: One hundred and seventeen consecutive requests were audited. These requests belonged t o  55 clinical 
episodes, 39 of which were of (presumed) infection and 16 of surveillance. The main sites sampled were: joint 28 (51%), 
and extra-articular bone or tissue 6 (11%). Of 98 surgical specimens, 20 (20%) yielded a relevant microorganism. The 
requests were classified as definitely appropriate in 67% and 85% of episodes, by the two consultants respectively. No 
request was considered unjustified. Collection, handling and transport were categorized as definitely appropriate in  56% 
and 73% of requests. Analysis of compliance with an existing protocol for prosthetic joint revision revealed similar errors. 
Conclusion: Audits of this type can give invaluable information about the area of uncertainty between the clinician 
and the laboratory and can identify appropriate measures for corrective action. 
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I NTRO DU CTI 0 N 
Microbiological analysis of surgical specimens, having 
been obtained at considerable expense to the patient, 
should be optimal for establishing the right diagnosis, 
knowledge of a pathogen and choice of the right 
antimicrobial therapy. Culture of deep tissue (i.e. 
bone in osteomyelitis) often provides the only definitive 
information on the etiology of the infection [l]. 
Microbiological analysis is crucial in revision operations 
for loosening of a prosthetic joint, for differentiation of 
mechanical loosening from infection [2,3]. 
In order to study the quality of laboratory testing, 
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the process can be divided into six steps: (1) ordering 
of the test; (2) collection of the specimen; (3) transport 
to the laboratory; (4) analysis; (5) reporting and 
interpretation of the results; and (6) impact on diagnosis 
and treatment [4]. In the limited number of published 
audits of microbiological laboratory testing, steps 2 and 
3 have not been addressed. Some authors have audited 
all types of specimens [5,6], or cultures of urine [7], 
blood [8], cerebrospinal fluid [9] and stools [lo]. We are 
not aware of studies on surgical specimens. We describe 
an audit of microbiology laboratory use in a department 
of orthopedic surgery, with special attention to order- 
ing, collection and transport of surgical specimens. 
METHOD AND PATIENT POPULATION 
All consecutive requests by the department of ortho- 
pedic surgery were prospectively gathered over 6 weeks 
in the laboratory. Procedures included arthroscopies, 
biopsies, osteosyntheses and insertion of prosthetic 
material. 
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Data sources 
Procedures 
Requests for microbiological tests were accompanied 
by a form on which the clinician had to fill in standard 
items, including clinical inforniation and time of 
collection. The department of orthopedic surgery had 
developed a protocol for handling material from loose 
prostheses according to the relevant literature [2,11]. 
The protocol included the following procedures. Four 
or more specimens from distinct sites of the joint 
had to be taken with not previously used forceps. Joint 
aspirate had also to be injected into blood culture 
bottles. Tissue or bone biopsies of 1 cin2 were collected 
in sterile containers. A transport box was provided for 
all containers of a single procedure. Transit time had to 
be less than 30 min. Each specimen had to be cultured 
for aerobes and anaerobes. Antimicrobial drugs had to 
be administered after the collection of specimens. For 
other materials, standard instructions for collection and 
transport were used [12]. 
Clinical information 
Clinical information on the cases for which tests were 
ordered was available in abstract form from a con- 
current study of antimicrobial use [13]. 
Evaluation 
At arrival in the laboratory a technician calculated 
transit time. Combining the data from request forms 
and the data from the clinical review allowed the 
allocation of inultiple requests to a single clinically 
relevant episode of (presumed) infection or surveil- 
lance. Two consultant microbiologists performed the 
evaluation independently. Ordering was evaluated per 
clinical episode. Collection, handling and transport 
were evaluated per individual request. Clinical episodes 
were assessed using the categories presented in Table 1, 
by means of evaluation criteria based on the guidelines 
for microbiology laboratory testing [12] and the advice 
of experts [ I l l .  Ordering practices could be definitely 
appropriate, inappropriate or unjustified, or the data 
could be insufficient for categorization. Ordering was 
judged inappropriate if insufficient clinical information 
was given, and/or if additional specimens or requests 
were needed. The evaluation categories of collection, 
handling and transport on the individual requests 
are presented in Table 2. Requests were considered 
definitely appropriate, inappropriate or unjustified, 
or records could be insufficient for categorization. 
Requests could also be judged inappropriate for several 
reasons at the same time. For both evaluations, agree- 
ment between the two reviewers was assessed by K 
coefficients. 
RESULTS 
One hundred and sixty-six operations were performed. 
Forty-six patients (23%) had specimens sent. Four out 
of eight physicians were responsible for 77% of requests. 
The surgeons wrote the requests themselves before the 
start of the operation. One hundred and seventeen 
requests for analysis were collected. Items on the form 
such as the name of the physician were missing in < 1 ‘XI, 
the type of specimen and ward in <5%, the time of 
collection in 14%. Other sources permitted calculation 
of transit time in all but three requests. 
Evaluation of ordering 
All clinical episodes 
The 117 requests for clinical specimens could be 
allocated to 55 clinical episodes. Some characteristics of 
these episodes are described in Table 3. The results of 
the evaluation of the ordering in 55 clinical episodes 
are presented in Table 1. Both reviewers agreed that 
Table 1 Quality evaluation of ordering microbiology laboratory tests in 55 clinical episodes by two independent reviewers 
Number of episodes classified in 
corresporiding category 
By reviewer ld  By reviewer 2= 
Evaluation categories 11 (“A) t1 (‘A) 
4 (7) 4 (7) 
Microbiological testing unjustified 0 (0) 0 (0) 
Ordering practice inappropriate due to: 14 (25) 4 (7) 
Imufficient clinical information provided to the laboratory 10 3 
Additional specimen of other body site wanted 0 0 
Additional specinicn of same body site wanted 5 2 
Additional request wanted for same specimen 4 0 
Ordering practice definitely appropriate 37 (67) 47 (85) 
Not evaluable due to insufficient information in the record 
’Coefficient of agreement ~ = 0 . 3 2 .  
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Table 2 Quality evaluation of collection, handling and transport of 117 specimens for microbiological diagnosis by two 
independent reviewers 
Number of requests classified in 
corresponding category 
Evaluation categories 
By reviewer 1” By reviewer 2a 
n (“h) n (“A) 
Not evaluable due to insufficient data 
Request unjustified 
Request inappropriate due to: 
Inappropriate method of collection 
Incorrect container/transport medium 
Prolonged transit time 
Incorrect timing of sampling versus start of antimicrobial treatment 
Request definitely appropriate 
4 (3) 
0 (0) 
47 (40) 
24 
1 
29 
1 
66 (56) 
4 (3) 
0 (0) 
28 (24) 
13 
0 
13 
2 
85 (73) 
’Coefficient of agreement ~ = 0 . 4 3 .  
there was no unjustified microbiological testing (K= 1). 
Concerning the appropriateness of ordering in 51 
episodes, there was only partial agreement between the 
two reviewers (K=0.32). In four episodes, reviewer 1 
believed that other specific tests such as tuberculosis 
culture, anaerobic culture or cultures for fungi should 
have been ordered. 
Prosthetic joint revision 
In six out of eight prosthetic joint revisions, the 
indication was loosening of the prosthesis, and in two 
revisions the operation was done for dysfunction of the 
prosthesis of unknown origin. Only three episodes 
were handled without protocol violations. 
Evaluation of collection, handling and transport of 
specimens 
Surgical specimens 
The sources of 117 clinical specimens are depicted in 
Table 4. There were 98 surgical specimens. Culture 
results are presented in Table 5. Twentyfive out of 31 
surgical specimens for which anaerobic culture was 
Table 3 Characteristics of 55 clinical episodes in which 
117 microbiological requests were ordered 
Before After 
antibiotics antibiotics 
N o  
Type of episode antibiotics propb” therb proph ther 
Presumed infection, 
prosthetic joint revision 0 0 8 0 0  
Presumed infection, other 12 6 0 4 9  
Infection included in 
differential diagnosis 3 2 0 2 0  
Surveillance cultures 0 0 0 9 0  
a prophylactically; “therapeutically. 
ordered were sent in anaerobic transport medium. 
Median transit time of all surgical specimens was 2 h 
(range 30 min to 19 h). Fifty-two (53%) surgical 
specimens had a transit time of more than 2 h, and for 
18 (18%) surgical specimens transit time exceeded 4 h. 
None of the prosthetic joint revision specimens 
had a transit time of less than 1 h. Median transit time 
was 3 h (range: 55 min to 19 h 30 min). One set 
of six specimens was received the morning after the 
intervention: the bone and tissue specimens were kept 
in a refrigerator. 
Other specimens 
Half of the requests containing insufficient clinical 
information were for urine cultures. Median transit 
time was 4 h 30 min (range 30 min to 16 h 30 min). 
Five specimens of secondary importance (swabs, urine) 
collected on pediatric wards had the shortest transit 
time (less than 1 h). 
The total evaluation of the 11 7 requests is presented in 
Table 2. Both reviewers judged all requests justified 
( ~ = l ) .  Agreement on the other categories was also 
partial ( ~ = 0 . 4 3 ) .  The evaluation of the requests of 
surgical specimens was not very different from the total 
evaluation. All 24 inappropriately collected specimens 
were surgical, as were 22 out of the 29 specimens 
Table 4 Frequency distribution of 117 specimens for 
microbiological analysis according to site 
Number of specimens % 
Joint (tissue, fluid, bone) 72 (62) 
Extra-articular (bone, tissue or fluid) 17 (14) 
Urinary tract 15 (13) 
Wound (pus) 9 (8) 
Respiratory tract 4 (3) 
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Table 5 Microbiological laboratory culture results of 117 
specimens according to site and type 
Culture Culture 
positive negative 
Type and/or site of specimen n n 
Surgical specimens 
Specimens for prosthetic joint revision 12 22 
Other surgical specimens for presumed 
infection 8 20 
Surgical specimens for surveillance 0 17 
Surgical specimens for differential 
diagnosis of infection 0 19 
Specimens of urine, sputum, throat 17 2 
which had a prolonged transit time. In prosthetic joint 
revision, the errors were similar: an inappropriate 
method of collection for anaerobic culture (swabs in 
transport medium instead of tissue) and a prolonged 
transit time. 
DISCUSSION 
We concluded that the orthopedic surgeons had an 
acceptable quality level of microbiology laboratory use. 
From our previous quality-of-antibiotic use studies in 
surgery [13], we suspected that other departments in 
our hospital were performing less well. However, we 
preferred an approach of continuous improvement [14], 
by auditing a department which had an established 
diagnostic protocol, instead of identifiing such errors 
at random in daily practice. The laboratory process 
coniponents associated with ordering, collection and 
transport are thought to influence outcome more than 
the components of the internal laboratory process (step 
4), for which quality control is mandatory in most 
countries (41. N o  data from other audits are available 
for comparison. There are reasons for the lack of 
studies. Examination of the rationale behind laboratory 
utilization is not often done by consultant micro- 
biologists, because the necessary clinical information 
for evaluation is not available to them. O n  the other 
hand, clinicians consider that their responsibility ends 
with the verbal ordering of the test [4]. Furthermore, 
besides this psychological barrier, there is a wide no  
man’s land of ward desks, window sills, nurse’s utility 
rooms, storage places and refrigerators between the 
operating room or the bedside where the decision to 
perform diagnostic tests is made and the laboratory 
where the specimen will be analyzed. Audits of the last 
three steps in the process of laboratory testing (from 
analysis to interpretation of the report) have more often 
been done [5,6,15,16]. 
Although the two reviewers agreed that there was 
no unjustified testing, their agreement was only partial. 
Part of the discrepancy was due to different handling 
of the criteria. Reviewer 1 applied the criteria from 
the literature rather strictly, while reviewer 2 had a 
more balanced view, based on personal experience. 
According to reviewer 1, the department had a certain 
degree of underutilization, as in 1 out of 10 episodes 
another specimen or request seemed necessary. Under- 
utilization has been reported before from surgical 
departments [ 5 ] .  The practice of taking surveillance 
cultures during insertion of prosthetic material was 
considered appropriate, although the usefulness of 
this sampling after the administration of prophylactic 
antibiotics remains unclear [17]. Only a few reports 
have been published on tests that are not useful in other 
settings [7,9]. The major problems revealed by the audit 
were improper collection for anaerobic culture and 
prolonged transit time. In a way both errors may have 
been related. The transit time of less than 30 min stated 
by the revision protocol was impossible to realise, as the 
time between collection of the first and last specimens 
of the procedure averaged more than 1 h. Unable to 
solve the logistic problem caused by the distance 
between operating rooms and the laboratory and the 
lack of extra personnel for transport, the surgeons tried 
to circumvent this by sending the anaerobic specimens 
as swabs in transport medium. Although this strategy 
may enhance survival of anaerobes, swabs should be 
discouraged when surgical specimens are available. 
Specimens with the shortest transit time came from 
wards near the microbiology laboratory, regardless of 
their nature. In the future, mailing by vacuum tube 
system might solve the problem of prolonged transit 
time. 
Audits of this type should be conducted jointly by 
clinicians and laboratory physicians, as both parties are 
responsible for the quality of the test results. This type 
of audit can give invaluable information about the 
rationale behind testing, and the appropriateness of 
sampling and transport time. Appropriate measures for 
corrective action can be identified. 
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